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METHOD AND APPARATUS FOR PRODUCING HOLLOW RACK BAR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method and apparatus 

for forging, from a metal pipe, a rack bar, which is used for 
a steering apparatus in an automobile et al. 

2. Description of Related Art 

A rack bar as a part for a steering apparatus of an 

10 automobile is conventionally produced from a solid rod member 
by a machining such as a broaching. However, such a conventional 
rack bar is defective in an increased weight due to its solid 
structure. Furthermore, a rack bar of varied gear ratio (VGR) 
cannot be obtained by the broaching since a machining of toothed 

15 portions of varied width is impossible by the broaching. 

In view of the above, in order to reduce a weight as well 
as to obtain a varied gear construction, a formation of a hollow 
rack bar from a blank pipe produced from a forging process has 
recent been proposed. See Japanese Un-examined Patent 

20 Publication (Kokai) No. 3-5892, Japanese Un-examined Patent 
Publication (Kokai) No. 5-1 69181 or Japanese Un-examined Patent 
Publication (Kokai) No. 6-24 6379 or Japanese Un-examined Patent 
Publication (Kokai) No. 2001-300677. 

When a forging of a hollow rack bar is done, a blank pipe 

25 is held by a toothed die. Then, a mandrel is, under a pressure, 
inserted to the blank pipe held by the die, so that a radial 
expansion of the metal (plastic flow of metal material) is 
generated toward toothed portions, thereby forming a rack bar. 
Thus, a desired control of the cross-sectional area is 

30 essentially needed in order to obtain a desired precision of 
the rack bar. However, blank pipes supplied from manufacturers 
are, as far as their values of a inner and outer diameters are 
concerned, merely controlled in a range of tolerance under a 
government regulation, such as a Japanese Industrial Standard 

35 ( JIS) . Thus, a precision of these blank pipes as for the forging 
of rack bars are insufficient, resulting in a variation in the 
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flow of metal as well as in an increased forming force during 
the execution of the forging process. Thus, a production 
efficiency is reduced, on one hand and, on the other hand, a 
service life of tools (dies) is reduced due to the excessive 
5 load occurred therein during the execution of the working. 

The prior art method for producing a rack bar is defective 
in view of difficulties in a subsequent hardening process. 
Namely, in a usual hardening process, a rack bar is held by a 
die only at an outer diameter side. In this case, no restriction 

10 of escape of thermal distortion toward the inner diameter side 
is possible. Furthermore, an insertion of a core is not 
effective for obtaining a desired precision because of a reduced 
precision of an inner diameter of a blank pipe within a tolerance. 
As a result, a specially designed technique is required for 

15 executing the hardening of the hollow rack bar, which causes 
the hardening process to be time consuming, on one hand and, 
on the other hand, causes the production cost to be increased. 
Furthermore, in a rack forging process, a metal flow is likely 
generated in the direction where a moving distance is short, 

20 i.e., the flow of metal is easy. As a result, when a mandrel 
of a simplified uniform cross-sectional type is used in a rack 
forging process, a locally excessive or locally shortened flow 
of the metal to a toothed die is likely generated, resulting 
in reduced performances. In view of this, an improvement has 

25 been proposed, wherein a plurality of mandrels of non-uniform 
shapes are provided for obtaining non-uniformed flows of metal. 
However, this improved process is defective due to its increased 
cost, on one hand and, on the other hand, its inability of 
possibility in the adjustment of metal flow in the axial 

30 direction. 

SUMMARY OF THE INVENTION 

An object of the present invention is to overcome the 
above-mentioned drawbacks encountered in the prior arts. 

Another object of the invention is to increase a precision 
35 of the product while enhancing a service life of working tools. 

Further another object of the present invention is to 



2 



KSN-F062 



reducing a production cost of a rack bar. 

According to an aspect of the present invention, a method 
for forging a hollow rack bar from a metal blank pipe, comprising 
the steps of: 

5 (a) subjecting the blank pipe to a plastic deformation 

process for an adjustment of a cross-sectional shape of the 
metal blank pipe; 

(b) holding said adjusted metal blank pipe by a die having 
toothed portions so that the toothed portions are contacted with 

10 the blank pipe at its outer surface, and; 

(c) inserting, under a pressure, a mandrel into the blank 
pipe held by the die for causing the metal to be flown toward 
toothed portions, thereby forming on the outer surface of the 
blank pipe toothed portions having shapes corresponding to 

15 those of the toothed portions of the die. 

In an operation of the above aspect of the invention, a 
forging of a hollow rack bar is obtained by inserting a mandrel 
into a blank pipe held by a die having toothed portions. The 
insertion of the mandrel causes the metal to be subjected to 

20 a plastic deformation, i.e., the metal to be flown toward the 
die. According to the first aspect of the invention, prior to 
the execution of the forging process, the blank pipe is 
subjected to a plastic working for an adjustment of the 
cross-sectional shape of the blank pipe. Due to such an 

25 adjustment of the cross-sectional shape of the blank pipe, an 
idealized flow of the metal toward the die is obtained, 
resulting in an increased precision of final products as fine 
as several 10 |im in the sense of a tolerance, without 
necessitating any subsequent machining process. Furthermore, 

30 a load applied to the die during the execution of the forging 
process is greatly reduced, thereby enhancing a service life 
of the die. Thanks to the strict control of the inner diameter 
of the blank pipe as fine as several 10 ^im as obtained by the 
preliminary adjustment process, a subsequent hardening process 

35 can be executed at a firmly fixed condition of the product while 
being assisted by an introduction of a core inserted to the 
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hardened product. Furthermore, in order to reduce any 
distortion as generated during the hardening process, any 
factors, which might influence to the operating performance, 
can be suitably adapted, such as a shape, a dimensional 
5 tolerance and material of the insertion core, a shape of high 
frequency coil and a frequency, a magnetic flux density and an 
eddy current applied to the high frequency coil. Such an 
adaptation allows desired hardened products to be obtained 
under a reduced production cost. 

10 Preferably, in the adjusting step, the cross-sectional 

shape of the blank pipe is adjusted to a predetermined shape 
including a circular or irregular cross-sectional shape. In the 
invention, an insertion of the mandrel causes the metal to be 
flown into the toothed die, resulting in a formation of a rack 

15 bar. In this formation process, the metal at the inner diameter 
side at the ends of the axial movement is likely flown to freed 
areas of reduced distance and of reduced flow resistance in a 
length wise or tooth width direction rather than flown into the 
toothed die, so that an amount of the metal in the die is likely 

20 lacked, resulting in a reduction of the precision of the product 
(rack bar) . According to the present invention, prior to the 
insertion of the mandrel, an adjustment of the cross sectional 
shape (a cross-sectional area or inner or outer diameter) of 
the blank pipe to a predetermined shape is done. As a result, 

25 a local increase in thickness is obtained, which prevents a 
metal flow from being lacked at a desired location. Namely, a 
compensation of a metal flow amount is done, resulting in a 
desired precision of the product. In a certain situation, a 
metal expansion is not necessarily be even along the entire 

30 width. Namely, a reduced tooth width is enough if it is 
sufficient to mesh with a pinion to obtain a desired force 
transmission. As a result, it is quite usual that the toothed 
die has, at its sides along the tooth width, an opened structure . 
However, by this opened structure, an increased amount of metal 

35 is wasted in the direction of the width the metal flow, resulting 
in a reduced meshing force of the rack bar with a pinion. 
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According to the present invention, a control of the 
cross-sectional shape of blank pipe is executed by ironing 
process prior to the rack bar forging, so that a non-uniform 
cross-sectional shape of the blank pipe is obtained. In other 
5 words, a thickness of the blank pipe is locally increased at 
ends along the length and width, thereby obtaining a desired 
flow of metal even at the end zone of the die. Thanks to the 
non-uniform cross-sectional shape, an adaptation to a desired 
change in the toothed portions becomes possible when a rack bar 

10 of a miter gear type or VGR type is to be produced, in which 
a teeth pitch as well as a tooth width are varied. Furthermore, 
non-uniform cross-sectional shape according to the present 
invention is such that a shortage of metal flow at opened ends 
in the direction of axis and/or a shortage of metal flow at ends 

15 of tooth width direction is cancelled. In short, due to this 
solution of the irregular shape, a uniformly compensated flow 
resistance of the metal is obtained irrespective use of a single 
uniform shaped mandrel. In short, according to the present 
invention, a reduced operating force, an increased service life, 

20 an increased precision as well as an increased meshing 
efficiency are obtained, without using a plurality of 
irregularly shaped mandrels. 

Preferably, the step for the adjustment of the cross 
sectional shape comprises the steps of: subjecting the blank 

25 pipe to swaging process for reducing the diameter of the blank 
pipe, and; subjecting the said swaged pipe to an ironing process 
for producing a desired cross-sectional shape of the blank pipe . 
The swaging for reducing the diameter of the blank pipe followed 
by the ironing allows the blank pipe to be formed with a desired 

30 cross-sectional shape having a desired diameter as well as 
thickness with locally varied thickness portions, which assists 
the product precision to be enhanced on one hand and, on the 
other hand, the service life of the tool to be prolonged. 

According to another aspect of the present invention, a 

35 method is provided for forging a hollow rack bar from a metal 
blank pipe, said method comprising a pre-forming step and a main 
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forming step after the execution of the performing step, the 
pre-forming comprises the steps of: 

(a) subjecting the blank pipe to swaging process for 
reducing the diameter of the blank pipe; 
5 (b) clamping the swaged blank pip by a clamping die of 

a desired shape at the outer periphery thereof, while locating 
an operating head inside the blank pipe, and; 

(c) withdrawing the operating head so that the blank pipe 
is swaged at it inner diameter side, thereby generating a 

10 desired shape of the hollow cavity of the blank pipe extending 
in an axial and radial directions; and 
said main forming comprises the steps of: 

(d) holding the pre-formed blank pipe from its outer side 
by a rack forming die having toothed portions; and 

15 (e) inserting, under a pressure, a mandrel to the inner 

diameter cavity of the blank pipe, thereby forming on the outer 
surface of the blank pipe toothed portions having shapes 
corresponding to those of the rack forming die. 

In an operation of this aspect of the invention, a swaging 

20 for reducing the diameter is done, which is followed by a 
withdrawing of the operating head while a clamp die is arranged 
around the outer periphery, so that a desired adjustment of the 
blank pipe is obtained as to its outer diameter as well as its 
cross-sectional shape. As a result, a desired precision is 

25 obtained at the subsequent rack bar forming process. 
Furthermore, a prolonged service life of working tools such as 
a toothed die is obtained. 

According to the further another aspect of the invention, 
a method is provided, for forging a hollow rack bar from a blank 

30 metal pipe, comprising the steps of: 

(a) holding said blank pipe by means of a cramping die 
having, at its inner periphery, toothed portion for forming the 
rack, and; 

(b) inserting, at a pressure, a mandrel into the blank 
35 pipe, while, during the insertion, the mandrel causes the metal 

to be subjected to simultaneous expanding functions at 
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different locations of the toothed portions along the 
longitudinal direction, thereby forging the blank pipe to a 
hollow rack bar. 

In an operation of this aspect of the invention, a forging 
5 is proceeded while a metal is simultaneously flown to different 
projected or recessed portions of the toothed die, thereby 
obtaining a highly evened force during the insertion of the 
mandrel, so that a load applied to the toothed die is relatively 
reduced, resulting in a prolonged service life of the tool. 

10 According to still another aspect of the invention, an 

apparatus is provided, for forging a hollow rack bar from a blank 
metal pipe, comprising: 

a die for holding the blank pipe from its outer surface, 
said die having at its inner surface toothed portions for 

15 forming a rack, and; 

a mandrel for inserting, at a pressure, into the blank 
pipe held by the die, said mandrel having enlarged head for 
causing, during the insertion, the metal to be expanded 
outwardly toward the toothed portions of the die, so that 

20 toothed portions corresponding to those at the die are formed 
on the outer surface of the blank pipe, 

said mandrel comprising forging means for causing, during 
the insertion of the mandrel, the blank pipe to be subjected, 
at different location along the length, to simultaneous 

25 expansive forged actions at different locations of the toothed 
portions along the length of the mandrel. 

In an operation of this aspect of the invention, a forging 
process is occurred while the mandrel cooperates with different 
portions (projected and/or recessed portions of the toothed 

30 die) for obtaining simultaneous and summed expansion actions, 
resulting in a uniformed force during the insertion of the 
mandrel, thereby reducing a load in the mandrel, on one hand 
and, on the other hand, increasing a service life of the mandrel . 

As an alternative, said forging means comprises an 

35 operating head and a plurality of grooves on the operating head 
spaced along the length of the mandrel, said grooves being 
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inclined opposite to the direction of the inclination of the 
toothed portions of the die. Thanks to a provision of the oil 
vent grooves inclined in a direction opposite to the direction 
of the inclination of the teeth on the enlarged head of the 
5 mandrel, summed expansion operations are obtained. Furthermore, 
a more simplified structure of the mandrel is obtained, so that 
a more simplified structure of the mandrel is obtained, 
resulting in a reduction of the cost. Furthermore, the provision 
of the oil vent grooves allow the radial expansion function, 

10 i.e., flow of the metal to be more reliably executed. 

According to further aspect of the present invention, an 
apparatus is provided, for forging a hollow rack bar from a blank 
metal pipe, comprising: 

a die for holding the blank pipe; 

15 a holder for a piece on which toothed portions are formed, 

and; 

a mandrel for inserting, at a pressure, into the blank 
pipe held by the die, said mandrel being for forging the metal 
blank so that toothed portions corresponding to the shapes of 

20 the toothed portions of the die are formed on the blank pipe, 
thereby forming a rack bar; 

said holder having an opening there-through, to which 
said toothed portion forming piece is embedded. 

In an operation of this aspect of the present invention, 

25 the holder is provided with an opening there-through as for 
embedding the toothed forming piece into the holder, which is 
effective of obtaining an increased working precision, 
resulting in an increased uniformity in the load applied to the 
toothed die. Thus, a prolonged service life of the working tool 

30 a well as an increase precision of the toothed portions of the 
forged products are obtained. 

Preferably, said opening for embedding the toothed 
portion piece has, at its ends space along the length, recessed 
portions of an increased radius. By this structure, a stress 

35 concentration is prevented from being occurred, resulting in 
an increase in the service life of the tool holder. 
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Preferably, the apparatus may further comprise a fluid 
cylinder built in the holder, said fluid cylinder being for 
mounting the holder to the die. The built in structure of the 
cylinder serves the construction to be simplified, resulting 
5 in a reduction of the cost . A seal-less structure of the built-in 
cylinder may generate a small amount of oil leakage. However, 
a finishing of a surface roughness of a proper degree can reduce 
the oil leakage to such a low level as low as the oil is merely 
oozed. On the other hand, the holder is to be used under a 
10 condition that a lubrication oil is fed. In other words, such 
a degree of oozing out of the oil is substantially harmless. 

BRIEF EXPLANATION OF ATTACHED DRAWINGS 

Figs. 1A to IE are view illustrating steps for adjusting 
a cross-sectional shape of a blank pipe under a swaging and 
15 ironing. 

Fig. 2A is a cross-sectional shape of a blank pipe, taken 
along a line A-A in Fig. ID. 

Fig. 2B is a cross-sectional shape of a blank pipe, taken 
along a line B-B in Fig. ID. 
20 Fig. 3 is a longitudinal cross-sectional shape of a die 

unit for forging a rack bar from a blank pipe. 

Fig. 4 is a bottom view of an upper die shown in Fig. 3. 

Fig. 5A is a transverse cross-sectional view of the die 
unit, taken along line V-V prior to the commencement of a rack 
25 forging operation from a blank pipe. 

Fig. 5B is a transverse cross-sectional view of the die 
unit, taken along line V-V after an insertion of a mandrel to 
a blank pipe. 

Fig. 6A is a transverse cross-sectional view of the die 
30 unit, taken along line VI-VI prior to the commencement of a rack 
forging operation from a blank pipe. 

Fig. 6B is a transverse cross-sectional view of the die 
unit, taken along line VI-VI after an insertion of a mandrel 
to a blank pipe. 

35 Fig.7A is a plan view of a rack bar of a straight type 

as obtained according to the present invention. 
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Fig.7A is a plan view of a rack bar of a straight type 
in a prior art. 

Fig. 8 is a plan view of a mandrel for forging a rack bar 
according to another embodiment of the present invention. 
5 Fig. 9 is a longitudinal cross-sectional shape taken 

along a line IX-IX in Fig. 8. 

Fig. 10 is a plan view of a mandrel for forging a rack 
bar according to further another embodiment of the present 
invention . 

10 Fig. 11 is a longitudinal cross-sectional shape taken 

along a line XI-XI in Fig. 10. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
Preliminary Processing 

Now, a process for forming or forging a rack bar , according 

15 to the present invention, will be explained. First, blank pipes 
are subjected to a process for obtaining a desired 
cross-sectional shape. Namely, in blank pipes from steel pipe 
makers, outer and inner diameters of these blank pipes are 
largely varied in ranges of a tolerance regulated under a 

20 government regulation, such as Japanese Industrial Standard 
(JIS) . Due to such a large variation in outer and/or inner 
diameters, these blank pipes are far from desired ones so long 
as their cross-sectional shapes are concerned, which causes a 
precision of products (rack bars) to be reduced on one hand, 

25 and, on the other hand, causes a service life of tools, such 
as a die as well as a forging mandrels to be greatly reduced. 
According to the present invention, a preliminary plastic 
deformation process including a swaging and ironing is newly 
provided for obtaining a desired cross-sectional shape of the 

30 blank pipe. A detail of such a preliminary process will now be 
explained. Namely, in Figs. 1A to IE, a reference numeral 10 
denotes a blank pipe made of a steel, and 12 a die of a ring 
shape for a swaging. In Fig. 1A, the blank pipe 10. is held by 
a suitable holding means (not shown) and, then, the swaging die 

35 12 is moved in the direction as shown by an arrow a. Fig. 2B 
illustrates a condition, where the die 12 has completed its 
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designated movement, so that a reduction of an outer diameter 
of the blank pipe 10 to that corresponding to an inner diameter 
of die 12 is obtained. Then, a return movement of the die 12 
in opposite direction is occurred as shown by an arrow a^. A 
5 reduction (swaging) of the outer diameter of the blank pipe is 
thus completed. 

Next, a process for obtaining a desired cross-sectional 
shape, such as an irregular cross-sectional shape will be 
explained. In this embodiment, such an irregular shape is formed 

10 at portions of a blank pipe, corresponding to ends of a rack 
part in a rack bar. Namely, during a rack forging process, a 
rack forging mandrel is inserted to a blank pipe held by a toothed 
die having toothed portions. Such a mandrel insertion causes 
a metal to be radially expanded or flown into the toothed 

15 portions of the die, so that a rack (toothed portions) are formed 
on the blank pipe. However, at the ends of the die, the metal 
flow occurs easily in a lengthwise direction of a smaller 
resistance value rather than a width direction of a larger 
resistance value. As result, at the ends of the die, the metal 

20 flow is "escaped" axially rather than flown into the die. Thus, 
a flow amount of metal into the die is insufficient, which causes 
tooth width to be reduced at the ends of the die. In this case, 
a so-called ship bottom shape of toothed portion (rack) is 
obtained when viewed the product (rack bar) from the above as 

25 shown in Fig. 7B. In order to obviate this problem, a blank pipe 
is subjected to a preliminary plastic working for an adjustment 
of a cross-sectional shape of the blank pipe. In this embodiment 
in the present invention, the adjustment is such that the blank 
pipe is subjected to a preliminary plastic working so that an 

30 irregular cross-sectional shape is obtained at the ends of the 
die. The irregular cross-sectional shape of the blank pipe at 
the ends of the die is such that a metal flow is increased at 
the ends of the die, so that an evened tooth width is obtained 
along the entire length of the rack part of the rack bar as shown 

35 in Fig. 7A. As shown in Fig. 1C, a device for obtaining a desired 
irregular cross-sectional shape of the blank pipe 10 is 



KSNF062 



constructed by a core rod 14 and a clamp unit 16. The clamp unit 
16 is constructed by an upper half die 16-1 and a lower half 
die 16-2. Fig. 1C illustrates a state where an insertion of the 
mandrel 14 is completed. The mandrel 14 has, at its leading end, 
5 an enlarged operating head 14-1 for ironing. In Fig. 1C, the 
die unit 16 is in an opened condition, where the upper and lower 
half dies 16-1 and 16-2 are separated. 

From an opened condition of the die unit, a relative 
movement obtained between the upper and lower half dies 16-1 

10 and 16-2, in such a manner that these half dies 16-1 and 16-2 
are combined or closed as shown in Fig. ID. At the closed 
condition of the die unit, the blank pipe 10 in contact with 
the half dies 16-1 and 16-2 is subjected to a reduction in its 
outer diameter. Fig. 2A illustrates cross-sectional shapes of 

15 the upper and lower half dies 16-1 and 16-2 at a middle location 
along the length of the die unit. As shown in Fig. 2A, both of 
the upper and lower half dies 16-1 and 16-2 have inner surfaces 
16-la and 16— 2a of semi-circular cross-sectional shapes. These 
inner surfaces 16-la and 16— 2a cooperate to form a working 

20 cavity when the upper and lower dies 16-1 and 16-2 are combined. 
Fig. 2B illustrates cross-sectional shapes of the upper and 
lower half dies 16-1 and 16-2 at an end along the length of the 
die unit 16. As shown in Fig. 2B, the lower half die 16-2 has 
an inner surface 16-2b of a semi-circular shape. Contrary to 

25 this, the upper half die 16-1 has an inner surface 16-lb of an 
irregular cross-sectional shape. Namely, the inner surface 
16-lb of the upper die 16-1 has are recessed at upper side 
portions in the transverse cross-section as shown in Fig. 2B. 
In this embodiment, the die unit 16 has an irregular 

30 cross-sectional shape only at the ends 16-lb of the upper die 
along its length. However, it is, of course, possible that the 
working cavity of the die unit 16 may has irregular 
cross-sectional shape along the entire length of the portion 
of the blank pipe, which is to be subjected to the ironing 

35 process. 

The ironing operation for obtaining the desired irregular 
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cross-sectional shape of the blank pipe is commenced by 
withdrawing the core member 14 in the direction as shown by an 
arrow b in Fig. ID. The core member 14 has a working head 14-1 
of an outer diameter larger than an inner diameter of the blank 
5 pipe 10 at a location held by the clamping die unit 16. 
Furthermore, the working cavity of the clamp die unit 16 has, 
at its lengthwise ends, recessed portions 16-lb. As a result, 
during the execution of the ironing by the withdrawal of the 
core member 14, an increased flow of the metal is generated at 

10 the recessed portions 16-lb, so that an adjustment of a 
cross-sectional shape of a blank pipe 10 to an irregular one 
is done at the ends of the die 16 as shown in Fig. 2B. Namely, 
at the ends of the die 16, the blank pipe after subjected to 
the ironing process has, in its cross-section, lateral, upper 

15 shoulder portions 100 of an increased thickness t2 as shown in 
Fig. 2B. Contrary to this, at portions other than the ends of 
the die 16, the blank pipe after subjected to the ironing process 
(squeezing process) has a regular circular cross-sectional 
shape as shown in Fig. 2A. But, it is very important in the 

20 present invention that, due to the execution of the ironing 
process, a precise adjustment of the inner and outer diameter 
of the blank pipe is done even at the portions other than the 
ends of the die 16. 

Fig. IE illustrates a completion of the adjusting process, 

25 whereat a withdrawal of the core member 14 is completed. In Fig. 
IE, the portions 100 of the increased thickness at locations 
of the blank pipe at the end of the clamping die 16 are also 
shown. Due to such an irregular a cross-sectional shape of the 
blank pipe 10 provided by the execution of the preliminary 

30 adjustment process, a desired tooth width is obtained even at 
the end of the rack during the rack forging. 

The above embodiment is directed to an embodiment, 
wherein the blank pipe 10 at portions corresponding to ends of 
a rack forming die 16 is thickened for keeping a desired tooth 

35 width at the end of the rack forming die 16. However, the idea 
of provision of an irregularity in the cross-sectional shape 
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of a blank pipe can also be a solution to a problem of an "escape" 
of metal flow occurred also at lateral ends along the tooth width 
•direction. Namely, at a middle portion of the rack forging die, 
an insufficient metal flow is likely generated at lateral ends 
5 in the tooth width direction, which causes the tooth height to 
be reduced at the lateral ends in the tooth width direction. 
In order to combat this problem, a solution may be possible that 
a preliminary adjustment can also be done such that an 
irregularity in the cross-sectional shape of rack forming 

10 cavity is provided also at the middle portion of the rack forming 
die in the similar way as is shown in Fig. 2B. As a result of 
this solution, the blank pipe is locally thickened, resulting 
in an increased flowable amount of metal at the lateral ends 
in the direction of the tooth width. Due to such solution, a 

15 reduced amount of metal flow at the lateral end regions is 
compensated, thereby preventing a tooth height from being 
reduced at the lateral ends in the tooth width direction. 

In short, during the execution of irregularity imparting 
process to the cross-sectional shape as explained above, the 

20 blank pipe 10 as firmly clamped by the clamp die 16 is subjected 
strongly to an ironing (squeezing) operation at its wall 
thickness by the mandrel 14, resulting in that a reduction of 
the wall thickness is occurred on one hand and, on the other 
hand, a degree of a surface roughness of the working surface 

25 of the clamp die 16 as well as the mandrel 14 is "transferred" 
to the outer surface of the blank pipe 10 . Thus, a precise working 
is possible such that a degree of a surface roughness is as fine 
as 1 to 2 pm and a difference between outer and inner diameters 
is within a tolerance of several (im. 

30 Main Process for Rack Bar Forging 

Figs. 3 to 7 illustrates rack forging die unit 18 from 
a blank pipe 10 after subjected to the preliminary adjusting 
process as explained above. The rack forming die unit 18 
includes an upper die 20 and a lower die 22. The upper die 20 

35 is provided with a supporting member 24, a holder 26, a toothed 
piece 28, a lock piece 30, and push out pins 32 and 33 . The toothed 
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piece 28 is, at its lower surface, toothed portions 28-1, which 
have shapes corresponding to toothed portions of rack bar to 
be formed on a blank pipe 10. Fig. 7A illustrates a plan view 
of a rack bar 34 forged from the blank pipe. The lack bar 34 
5 to be forged from a blank pipe 10 is, in this embodiment, of 
a type having skewed toothed portions 34-1. Thus, as shown in 
Figs 3 and 4, the toothed piece 28 is formed with skewed toothed 
portions 28-1, which correspond to the skewed toothed portions 
of a rack bar to be forged from a blank pipe. The holder 26 is 

10 fixed to the supporting member 24 by any suitable fixing means. 
Furthermore, the holder 2 6 is formed with an axially elongated 
opening 26A, to which the toothed piece 28 is received. The 
toothed piece 28 is inserted to the opening 26A via a liner 35. 
Furthermore, under the condition that the toothed piece 2 8 is 

15 installed to the elongated opening 2 6A as shown in Fig. 3, the 
toothed portions 28-1 at the bottom of the toothed piece 28 is 
slightly projected from the holder 2 6 and the locking members 
30 are struck into gaps between the toothed piece 28 and faced 
inner walls of the holder 26. The lock member 30 has a tapered 

20 shape, so that the striking of the lock pin 30 causes a wedging 
function to be generated, resulting in the toothed piece 28 to 
be firmly held by the holder 26. The holder 2 6 is formed with 
cylinder bores 26-1, to which the ejecting pins 32 and 33 are 
respectively slidably inserted. The ejecting pins 32 and 33 are 

25 extended or retracted by a selective change in the direction 
of introduction of a fluid pressure into the cylinder bores 26-1 . 
Namely, an expansion of the ejecting pins 32 and 33 allows a 
forged article, i.e., a rack bar to be removed. Although the 
pins 32 and 33A are hydraulically operated ones, any sealing 

30 members can be eliminated, which makes the total system to be 
simplified. Some hydraulic lines for connecting the cylinder 
bores 2 6-1 with a hydraulic pressure source as well as a control 
valve (s) for switching a communication of the hydraulic 
pressure source with the cylinder bores 26-1 are needed for 

35 obtaining the desired expansion and/or retraction operation of 
the pins 32 and 33. However, these parts are conventional and, 
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therefore, are not shown in the drawings for the sake of 
simplicity. 

Prior to the execution of the rack forging operation, the 
upper and lower dies 20 and 22 are moved toward each other so 
5 that they are combined as shown in Fig. 3 . In this combined state 
of the upper and lower dies, the toothed portions 28-1 at the 
lower end of the toothed piece 28 is contacted with the upper 
part of the blank pipe 10, so that the upper surface (rack forming 
surface) 10A of the blank pipe 10, which is in contact with the 

10 toothed portions 28-1 of the piece 28, is roughly flatly 
deformed as shown Figs. 5A and 6A. As shown in Fig. 6A, the 
thickened portions 100 as obtained by the swaging operation 
during the preliminary processing are located at lateral ends 
of the roughly flatly pressed rack forming surface 10A. 

15 As shown by Fig. 3, a rack forging mandrel 40 is arranged 

so that it faces with the axial opening of the blank pipe 10. 
In Fig. 3, a rack forging mandrel 40 is only shown at the 
left-handed side of the die unit 18. However, as disclosed in 
the Japanese Un-examined Patent Publication (Kokai) No. 

20 2001-300677, another rack forging mandrel is arranged also at 
the right-handed side of the die unit 18. In this construction, 
an alternate insertion of the mandrels between the right-handed 
and left-handed mandrels is done, as disclosed in this patent. 
As shown in Fig. 3, the mandrel 40 is provided with a guide 

25 portion 40-1 at its leading end, enlarged heads 40-2 and 40-3 
of gradually increased values of working diameters, and oil 
grooves 40-4 and 40-5 located behind the enlarged heads 40-2 
and 40-3, respectively. The working heads 40-2 and 40-3 
cooperate with the portion 10A of the blank pipe 10, so that 

30 a radial flow (plastic deformation) of metal toward to toothed 
portions 28-1 of the piece 28 is generated, so that a forging 
of a rack bar from a blank pipe is done . Namely, rack teeth having 
shapes corresponding to those of the toothed portions 28-1 of 
the toothed piece 28 are forged on the blank pipe 10. Figs. 5B 

35 and 6B illustrate conditions after the completion of the forging 
by the repeated insertion of the mandrel 40 to the blank pipe 
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10. Namely, the insertion of the mandrel 40 causes the metal 
to be urged radially outwardly at the upper flat part 10A of 
the blank pipe 10, so that the portion 10" of the metal is flown 
into the recesses between the toothed portions 28-1 of the die 
5 28, resulting in a formation of rack teeth 34-1 as shown in Fig. 
7A. At the middle part as shown in Fig. 5A, a relatively uniform 
flow of the metal long the tooth width direction, resulting in 
a formation of teeth of desired width. However, at the ends of 
the rack forging die 18 (axial ends of the rack forming surface 

10 10A of the blank pipe 10), an escape of the metal flow is apt 
to be generated, which causes the tooth width to be reduced. 
As a result, in a prior art, a rack portion of a "ship bottom" 
shape is apt to be produced, wherein the tooth width is large 
at the center portion and is small at axial ends. According to 

15 the present invention, a blank pipe 10 is subjected to a 
preliminary step for an adjustment of cross-sectional shape at 
portions of the blank pipe corresponding to axial ends of the 
toothed portion 28-1 of the die 16, in such a manner that the 
thickness of the blank pipe 10 is increased at the lateral ends 

20 100 of the upper part of the blank pipe in the direction of the 
tooth width. As a result, when an insertion of the mandrel 40 
is done, an increased flow amount is obtained at the ends of 
the upper part of the blank pipe, so that a product (rack bar) 
of a uniformed width of the toothed portions along the entire 

25 length of the rack is obtained as shown in Fig. 7A. 

As explained above, during the forging by an expansion 
for the inner diameter side by a mandrel, axial ends of the 
toothed part of a rack forging die in the axial direction become 
"opened" portions of reduced metal flow resistance, whereat an 

30 escape of a metal flow is likely, resulting in a reduction of 
a flow amount of metal to the rack forging die 18. According 
to this aspect of the invention as explained above, a 
preliminary plastic deformation process (Figs. 1A to IE) for 
obtaining an irregular cross-sectional shape is done in such 

35 a manner that an wall thickness is locally increased at the end 
portions 100 along the width. Namely, at the upper, lateral end 
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portions 100, the wall thickness has an increased value t 2 in 
comparison with the wall thickness of ti at a location other 
than the portions 100. As a result of this solution of a 
processing for obtaining the irregular cross-sectional shape 
5 prior to the forging process, a forging process under a single 
die is sufficient to obtain a desired tooth width at the opened 
part, irrespective of a large amount of an escape of the metal. 
Furthermore, in the rack bar forging, the die 18 has opened parts 
at lateral ends of the toothed portions of the die, whereat an 

10 escape of the metal is also apt to be generated. In the latter 
case, a blank pipe is subjected to a process for obtaining 
locally thickened parts (irregular cross-sectional shape) at 
positions of the blank die, which correspond to the lateral ends 
of the toothed part of the die. In short, according to the 

15 solution of the present invention, prior to the rack forging 
process, the blank pipe is subjected to a process for adjustment 
of wall thickness at locations where an escape of the metal 
during forging process is likely. As a result, at a subsequent 
rack forcing process, a desired or compensated flow of the metal 

20 to the die (toothed portion of the die) is obtained even at the 
locations, where an escape of metal flow is likely. Due to the 
locally increased wall thickness, a relative increase in a flow 
resistance to the die is compensated, thereby keeping desired 
tooth thickness. A prior art solution of a provision of 

25 plurality of mandrels of irregular shapes is not effective to 
combat a problem of the above mentioned escape of metal flow 
in the longitudinal direction. The present invention makes it 
possible to combat not only to a problem of an escape in a tooth 
width direction but also to a problem of an escape in an axial 

30 direction. 

Figs. 8 and 9 illustrate another embodiment of a rack 
forging mandrel according to the present invention. In this 
embodiment, a mandrel 140 is formed with enlarged or operating 
heads 140-1 and 140-2, which are extend in a direction inclined 

35 with respect to an axial line 143. The angle of the inclination 
of the enlarged heads 140-1 and 140-2 are shown by 9. Thanks 
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to such an inclined arrangement/ a simultaneous expansion 
operation, i.e., a flow of the metal to the toothed piece 128 
to a plurality of adjacent toothed grooves by a single working 
head 140-1 or 140-2 is realized. Fig. 9 illustrates a condition 
5 that an expansion (flow of metal) is done by the first enlarged 
head 140-1 toward adjacent grooves 128-1 and 128-2 and that an 
expansion is also done by the second enlarged head 140-2 toward 
adjacent grooves 128-3 and 128-4. By such a simultaneous 
expansion operation to adjacent grooves 128-1 and 128-2 or 128-3 

10 and 128-4 by the single enlarged head 128-1 or 128-2, a load 
generated in the toothed die 128 by the mandrel 140 is localized 
and reduced, resulting in an increased service life of the 
working tools, that are the mandrel and the toothed die. 

Figs. 10 and 11 illustrate a mandrel 240 in another 

15 embodiment. The mandrel 240 is of sloped type and is provided 
with a gently inclined operating head, on which a multiply of 
parallel grooves 240-1 is formed, each of which grooves is 
angled toward the leading end of the mandrel. As a result of 
this structure of the mandrel 240, a multiplied engagement of 

20 a number of stages of 4 to 6 or more is obtained, resulting in 
a more smoothed movement of the load. Namely, single contingent 
sloped surface of this embodiment makes it possible to obtain 
an expansion amount, which corresponds to that as obtained by 
4 to 6 enlarged heads. Furthermore, the angled oil grooves can 

25 be easily provided by a later machining process, which makes 
the production cost of the mandrel to be reduced. Such a 
reduction of cost is desirable since a multiplied mandrel system 
of number of mandrels around 10 is usually employed. In place 
of the angled grooves 240-1, mere parallel inclined grooves can 

30 also be employed. 
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